Discharge of household greywater into water bodies can lead to an increase in contamination levels in terms of the reduction in dissolved oxygen resources and rapid bacterial growth. Therefore, the quality of greywater has to be improved before the disposal process. The present review aimed to present a hybrid treatment system for the greywater generated from households. The hybrid system comprised a primary stage (a natural filtration unit) with a bioreactor system as the secondary treatment combined with microalgae for greywater treatment, as well as the natural flocculation process. The review discussed the efficiency of each stage in the removal of elements and nutrients.
INTRODUCTION
The speedy growth of humans and their activities alongside the scarcity of freshwater resources in arid and semi-arid countries have seriously contributed to water pollution. In Jordan, the present water scarcity is a prominent issue for the country, due to their growing population over the previous decade. The water availability per capita reducing to 198 m 3 /capita/year from the standard of 1,000 m 3 /capita/ year has been frequently used to show the conditions for water shortage (Najib ) . This has given disruption to economic activities that mostly depend on water. The increased population has also resulted in the domestic wastewater load into water bodies. The high cost of the sewerage network and sewage treatment plant has been identified as the main constraint to expanding wastewater services to small communities. As a result, domestic wastewater from houses is discharged, untreated, into the drainage and contributes to the phosphorus, nitrogen, biochemical oxygen demand (BOD) and others entering into the water bodies.
Wastewater originating from households is divided into greywater and black water, based on its composition. Greywater is wastewater discharged from showers, bathtubs, washing machines and kitchen sinks, while black water is toilet wastewater (Paulo et al. ; Wurochekke et al. ) . In some places, kitchen greywater is considered as black water (Oron et al. ) . However, there is much controversy on this issue as in some countries like Malaysia, greywater is toilet wastewater only. The greywater discussed in this article included both kitchen and bathroom discharges that came from the same point. The range of pollutants included BOD 5 47-466 mg/L, chemical oxygen In some countries the kitchen and bathroom wastewater are separated, therefore the TN and TP contents in the bathroom wastewater are low. However, countries like Malaysia consider both kitchen and bathroom wastewater as greywater, hence the TN content can be up to 10-38 mg/L and TP 3-20 mg/L (Mohamed et al. b) . Similarly, a study conducted by Wurochekke et al. () revealed that the concentration of ammonium was 3.83 mg/L in household greywater.
Domestic wastewater contains high concentrations of fecal indicator organisms, which range from 10 6 to 10 8 CFU/100 mL (Wilén et al. ) . In terms of pathogenic organisms in the greywater, the concerns associated with the disposal of these wastes into the environment and natural water bodies lie in the ability of pathogens to survive and persist for a long time (Efaq et al. ) . Pathogenic microorganisms have several mechanisms to survive in a stressed environment. For example, some bacteria such as Bacillus spp. and most fungi have a high potential to produce spores that might tolerate an unfavourable environment for many years. Another mechanism is presented among non-spore forming bacteria, which is the ability to change to a viable but-non-culturable status. In this case, the cells minimize the metabolic activity to the minimum level, and thus can survive for a long period in the absence of good conditions for growth (Al-Gheethi et al. a) .
The organic and inorganic constitutents in the greywater disposed of into natural water bodies might lead to a rise in BOD 5 , resulting in the depletion of oxygen levels required for the various types of living organisms supported by the estuary (Reinheimer ) . The eutrophication is a phenomenon occurring due to high levels of nutrients (TN and TP) in the water bodies. This situation has a negative effect on the survival of aquatic organisms (Mcelwee et al. ; Marcos & Carlos ) . The high concentrations of TSS in the discarded greywater reduce light penetration and increase water turbidity, or cloudiness of water. Oil and grease in the greywater that contained kitchen wastewater lead to increased odour and undesirable appearances.
Besides, they are hazardous pollutants for aquatic environments due to the consumption of dissolved oxygen (DO) that is necessary for the forms of life in water (Jameel & Olanrewaju ; Saroj & Mukund ) .
Greywater is another source of water, and the quantities of greywater generated in developing countries are more than those reported in developed countries. In the UK, the quantities of greywater and sewage produced are equal; in contrast, greywater represents 70-80% of domestic waste- The removal of organics and nutrients from greywater is an essential means of averting eutrophication and algal blooms. Therefore, greywater ought to be given proper treatment prior to discharge into water bodies. The present review aimed to present a hybrid system consisting of three stages including filter media, a microalgae phycoremediation process and a flocculation process, to be used for the treatment of greywater resulting from village houses in developing countries. The hybrid system is proposed based on previous studies that investigated the efficiency of each 
SELECTION OF TREATMENT TECHNOLOGY FOR GREYWATER
There are numerous methods for greywater treatment (GWT), differing in their characteristics, forms, pollution loadings and treatment procedure. The selection of the suitable technology depends on the quantities of greywater, organic contents, final application and standards acceptance. The treatment processes included preliminary, primary and secondary processes. However, there is no established design for GWT globally, except for in a few countries like Australia and America, and it is basically designed in relation to the greywater source, quality and quantity, site condition and reuse alternatives (Edwin et al. ) . Moreover, the accepted fact is that greywater should be treated with an eco-friendly technology and without chemical additives or toxic by-products. Some authors indicated that the greywater might be subjected to a storage period before the treatment process; however, a storage period should be conducted for a short time to prevent microbial growth (Harju ) .
Filtration and disinfection methods are mainly used in physical/chemical GWT systems, while aeration and membrane bioreactors (MBRs) are biological treatment methods. The majority of treatment methods seen universally are sequence batch reactors, MBRs and biologically aerated filters which may have high potential to produce higher greywater quality than that generated from the traditional processes such as the primary and secondary processes. However, the energy consumption and capital cost of these methods are high (Allen et al. ). Therefore, they are not appropriate techniques for low and middle income or developing countries. In Germany, high water bills and water saving actions led to a complicated GWT system that included active aeration (Shaikh & Zubayed ) . In arid areas of the USA, Australia, India and the Middle East countries, simple GWT systems are commonly used for irrigation and lawn crops (Mohamed et al. a) . Therefore, in treating greywater, there is a basic challenge that depends on its inconsistent nature such as the type of domestic product preference and the tradition of the inhabitants (Mohamed et al. b) . The system used should be designed to have the potential to work at a small scale without the need to use advanced technology. Taking the maintenance aspect of the system into account as well, depending on the maintenance, the biodegradability of the influent substances will have to be watched for clogging. For long term maintenance, it might be expected that biomass needs to be withdrawn from the bioreactor periodically. Filtration with natural materials followed by a phycoremediation process with microalgae can be used to meet the standard limits required for reuse in irrigation.
THE TREND FOR DOMESTIC GWT METHODS
GWT technologies involve the combination of preliminary (physical), primary (chemical) and secondary (biological) systems. These technologies are emphasized because these processes are low cost, no skilled personnel are required, they are easy to handle and have high treatment efficiency. In this section, the role at each stage of the Microalgae have a high potential for removing organic/ inorganic substances and nutrients from greywater, which make them more attractive in treating greywater for reuse (Li et al. a) . Microalgae remove greywater contaminants basically by the uptake of nutrients into algal cells ( immediate uptake of CO 2 for cell growth, the release of oxygen into water bodies as effluent, prevention of issues of handling sludge and the high prospect and financially viable harvested algal biomass (for fertilizer, biofuel, feedstock etc.). Therefore, microalgae are considered or measured as a hopeful alternative for GWT and its algal biomass as fertilizers in the future. The efficiency of microalgae for the reduction of nitrogen and phosphorus is presented in Table 2 due to their high capabilities for treating a wide range of wastewater. Thus, they have the potential to treat greywater as low strain wastewater.
In the study of Gokulan et al. () , nitrogen (0.31 mg/L) and phosphorus (2.16 mg/L) content were reduced significantly after screening, grit removal and using Botryococcus braunii microalgae as a treatment medium. Jing () used a twin layer system with two green microalgae, C. vulgaris and S. rubescens, to remove nitrogen and phosphorus from wastewater in Germany. Both nitrogen and phosphorus were removed, by 96 and 84%, respectively. Therefore, they have the potential to provide significant improvements in dealing with the world-wide problems of metal pollution (Wilde & Benemann ) .
One of the most important points in the phycoremediation process is the source of the microalgae species.
Microalgae species obtained from fresh water might be inappropriate to be used for the phycoremediation of greywater.
The laboratories' observations indicated that most microalgae obtained from freshwater failed to survive and grow in the greywater. This may be due to the differences in the composition of freshwater and greywater.
Based on the aforementioned, it appears that many microalgae have a high efficiency to reduce nitrogen and phosphorous from greywater during the phycoremediation process. Therefore, by the combination of natural filtration as a primary treatment, which could reduce the physicochemical characteristics, and the phycoremediation process as a secondary treatment, the quality of final effluents would be safer to be reused for irrigation purposes. Moreover, these processes are also used for the harvesting of microalgal biomass by the charge dispersion mechanism, which takes place between the negative charge of functional groups on the walls of microalgal cells such as carboxyl, Therefore, the greywater generated from the primary process would have a low bacteria load and could be subjected to the phycoremediation process with a minimum effect of bacteria on the microalgae growth.
On the other hand, in wastewater, the microalgae grow fast during the phycoremediation process due to their ability to obtain carbon and energy from sunlight as photosynthetic organisms, followed by bacterial growth, which occurs after the microalgae are dead. This process is called succession, which plays an important role in the treatment of wastewater. Therefore, the application of phycoremediation process for 6 days or less and the utilization of a flocculation Nonetheless, the phycoremediation process is carried out for more than 3 days, which might be enough for the reduction of bacterial loads to be less than the detection limits. The effect of sunlight on the bacterial load in greywater might be more efficient than that in sewage due to the absence of suspended solids in the greywater, which might prevent the penetration of UV light. The bactericidal effect of shorter wavelengths is visible, and ultra-violet radiation has been reported to cause damage, thus preventing successful growth and reproduction (Davis-Colley et al.
).
In order to improve the microbiological quality of the treated greywater before reuse for irrigation, it can be stored at room temperature for a week to enhance the reduction of bacterial loads. The effectiveness of the storage system on the reduction of the bacterial load in effluents has been reported by Al-Gheethi et al. (b) . In that study, the FC and Enterococcus had reduced to less than the detection limits within 1 week of storage at room temperature.
In regards to the microalgae biomass resulting from the coagulation and flocculation processes, they could be used as fertilizers, but should be subjected to a further process to ensure the reduction of possible bacteria that might be harvested with the microalgae biomass. Air drying in the basin exposed to the direct sunlight might be enough to remove the water content by evaporation and then inacti- 
CONCLUSIONS
It can be concluded that the hybrid system (filtration unit, phycoremediation and flocculation processes) would be able to produce high quality treated greywater. The combination of primary and secondary process is considered to be the most economical and feasible solution for GWT.
